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The Geology of Koiterangi Hill, Westland. 

By M. Gage and H. W. Wellman. 

Including: Appendices by C. 0. Hutton and H. J. Finlay. 

T Read before Wellington Branch, October 21, 19^3; received by the Editoi', 
October * 22, 19J/3; issued separately , March, 191^.1 

Abstract. 

A detailed description of the stratigraphy of Koiterangi Hill is 
presented. The beds which range from probable mid-Cretaceous to 
-Miocene are divided into nine groups. Mudstone of Lower Ihungia 
age which overlies limestone is described for the first time, and the 
basalt which previously was considered to overlie the Tertiary sequence 
is shown either to intrude or to be interstratified with the lower part 
of the coal measures. 

Introduction. 

Koiterangi Hill, close to the eastern margin of the Westland 
•coastal plain, on the north side of the Hokitika River, and eleven and 
a-half miles due south from the town of Hokitika, has an area of 
.about two square miles. The trigonometrical station at the summit 
of the hill is at the junction of Kanieri, Mahinapua, Totara and 
Toaroha survey districts. 

■ No apology is made for the presentation of a paper describing 
•so small an area, for at Koiterangi there is an excellent succession of 
beds ranging from probable mid-Cretaceous to Miocene, somewhat 
remote from the other better-known areas of Tertiary and Cretaceous 
beds. No better natural section is known nearer than Greymouth. Koi¬ 
terangi Hill was mapped nearly 40 years ago by the Geological 
Survey. The two northern survey districts, Kanieri and Mahinapua, 
form part of the area geologically described by Bell (1906), while 
Totara and Toaroha survey districts are part of the larger Mikonui 
Subdivision later described by Morgan (1908). Although several 
tentative correlations (Morgan, 1911, p. 53, and Morgan and Bartrum, 
1915, p. 73) have since been made with the beds at Koiterangi, no 
later description of the area has been published, and the age of the 
beds is not well understood. Our re-examination was made first with 
the hope that recent advances in micropalaeontology would make 
possible more precise age determination of the marine beds, and 
secondly to make a comparison of the terrestrial beds with those at 
Greymouth. 

Physiography. 

Products of Pleistocene and Recent alluviation completely isolate 
Koiterangi Hill from other areas'of Tertiary or older rocks, and the 
forest-clad hill rises abruptly to nearly 2000 feet above swamp and 
rich pasture. On the south side its slopes descend directly to Hokitika 
River. A limestone-controlled dip-slope forms part of the broad 
# eastern face of the hill. This has been partly cleared, and although 
' overgrown, forms the best approach to the summit. The limestone 
again occurs at the summit, where it is less steep and forms a small 
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plateau protected by ancient gravels at its south-eastern end, but 
elsewhere pitted with numerous sinkholes as much as 30 ft. deep. 
Along the main ridge, 40 chains west from the trigonometrical 
station and separated from it by a saddle, is a lower and smaller 
plateau of basalt. A cliff of quartz sandstone interrupts the ridge 
between saddle and' summit, extending with increasing height 
around the northern face of the hill. The average slope of the 
ground surface is about 20°, but rock exposures are less common 
than might be expected. 

Stratigraphy. 

Bell (1906, p. 78) described the following rocks at Koiterangi 
Hill:— 

(3) Calcareous sandstone and limestone. 

Koiterangi Series (2) Grits, sandstones, shales, with coal seams. 

(1) Conglomerates. 

(Unconformity) -- 

Greywacke basement. 

He considered that the beds above the greywacke form a con¬ 
formable sequence. Morgan (1908, p. 104) adopted Bell’s three 
divisions and mapped them separately. 

We consider it essential to differentiate even thin rock groups 
which, with the advance of knowledge, may prove to have signi¬ 
ficant age differences. In this report the stratigraphy is summarised 
in a diagrammatic composite section in which eleven lithologic units 
are recognised, and designated “ K.l.” to “ K.ll.” The numbering 
system was adopted not without hesitation, for its disadvantages 
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are apparent, but there is even greater difficulty in applying New 
.Zealand Tertiary stage names, regional formation names, or local 
formation names to the rock groups. Tertiary stage names can 
only be applied to the marine part of the section, and any future 
changes in these stages would make the correlation ambiguous 
and cause confusion. An adequate number of suitable unique names 
for local formations are difficult to find, and unless applied to the 
most complete section of the region, they encumber the literature 
without being of much permanent value. Probably the most 
complete section in Westland is in the Greymouth district, but it 
has not been sufficiently closely divided or clearly enough defined 
for regional application. The numerical system employed herein 
for the Koiterangi area is to be regarded only as provisional, pending 
the establishment of a standard Westland section. 

In Bell’s grouping, the conglomerates (1) correspond with our 
Iv.2. and K.3.; the coal measures (2) with K.5., K.6. and K.7.; the 
limestone (3) with K.8. and K.9 .; and the basalt with K.4. Neither 
Bell nor Morgan described the mudstone and overlying conglomerate 
Iv.10. and K.ll. 

K.l. Greywacke and Argillite. 

These have been fully described by Morgan (1908, p. 96) as 
the greywacke and argillite with quartz veins composing the Green¬ 
land Series. They are much older than the overlying beds, from 
which they are separated by a major unconformity. 

K.2. Basal Breccia. 

This, the most extensive formation, is exposed continuously 
along the north, west, and south flanks of the hill, but does not 
show on the east side, wh6re younger beds dip below surface gravels. 
Along the north side, its lower contact is generally obscured by 
recent gravel, but near the western end of the hill a contact or 
near contact was mapped by Bell but not described. On the south 
side Morgan mapped a fault contact between these beds and the 
greywacke undermass (p. 193). The authors examined a section 
through the formation in a stream flowing north from the saddle 
which exposes bare rock for a large part of its length. At the 
head of the stream, a slip exposes over 100 ft. of the upper part 
of Iv.2., all of K.3., and the base of the overlying basalt K.4. 

The breccia impresses by its lithologic uniformity, which is 
such that a description of one part applies equally to the entire 
mass. It consists of well-indurated red breccia or conglomerate 
almost entirely composed of sub-angular to sub-rounded fragments 
of greywacke, argillite and quartz, indistinguishable from the 
corresponding rocks of the undermass K.l. The only other variety 
seen was a single 9-inch piece of spotted schist. The bulk of the 
material is composed of fragments ranging in size from 3 in. to 
1 ft., with a small proportion of boulders as much as 10 ft. in 
diameter, all embedded in a matrix of finer fragments and sand. 
No bands of silt or mudstone were seen. Bedding is generally 
obscure, but rare bands of gritty sandstone show the general 
attitude. Some of the breccia differs from the main mass only in 
having a grey or blue colour. 
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Our correlations, some of which have been proposed bj r other 
authors; are given below. The references are to the most complete 

description of each correlated formation. 

Lower part of Pakawau Series, Colling wood. (Ongley and Maeplierson. 
1923.) 

Hawkes Ciag Bieccia, Buller, Inangahua and Murchison districts. 
(Morgan and Bartium, 1915; Henderson, 1917; Fyfe, 1928.) 

Basal part of Papaioa beds, Greymouth. (Morgan. 1911.) 

Basal conglomeiate, South Westland.* 

Horse Range conglomerate, North Otago. 

. Basal part of Kaitangata-Series. Otago. (Ongley. 1939.) 

, Basal part ot Kyeburn Series, Central Otago. (Williamson, 1939.) 

The basal becl at Koiterangi K.2. and the above correlatives- 
have most of the following features in common:— 

(a) The mass of the material is unsorted and unbedded. 

(b> Angular blocks over 6 ft. in diajneter aie not uncommon, and ai;e- 
not confined to the base of the formation. 

(c) The average degree of lounding is such as could be produced by 
present-day river transport of less than one mile. 

(d) The fragments were little weathered before* or during deposition,, 
and aie now often colouied red by ferric iron. 

(e) The bulk of the material is composed of 3 inch to 12 inch fragments r 
and fine sand and clay form a very small proportion of the whole. 

(f) Rocks known to be^ older, and now outcropping only a few miles 
away may be either poorly represented, or absent, and the beds are 
almost entirely composed of material fiom the closely adjoining 
undeimass. 

(g) . The beds are assumed to rest directly upon the undermass, but 

contacts have larely been observed. 

Concerning the origin of K.2. and the similar formations else¬ 
where in New Zealand, geologists have previously advanced theories 
involving glacial action, for example, Park (1909, p. 43) and several 
earlier writers for the Henley beds, which are now grouped with 
the Kaitangata Series. Although Morgan (1908, p. 104) advocated 
a glacial origin for the Koiterangi beds, he later advanced strong 
reasons for abandoning the glacial theory in the case of the similar 
Hawke’s Crag Breccia (Morgan and Bartrum, 1915, p. 77), which 
he subsequently correlated tentatively with the Koiterangi breccia r 
prefering* to regard them as pluvial deposits, while Henderson 
(1917, p. 83) adopted Morgan’s views of pluvial origin when dealing 
with the Hawke’s Crag Breccia as developed in the Inangahua 
district. It is the writers’ view that all the arguments for pluvial 
origin advanced by Morgan and Bartrum are equally applicable 
to the K.2. beds. These arguments can be summarized:— 

(1) Relative scarcity of material of clay and fine sand grade. 

(2) Uniformity of rock types, representing very locally derived material. 

(3) Absence of sorted and rounded detritus, such as is always associated 
with piedmont glacier deposits. 

The deposit is a fanglomerate, laid down close to its place of 
origin by heavily overloaded streams. The conditions most nearly 
equivalent in New Zealand to-day are those governing the accumu¬ 
lation of steep coalescing fans of angular unsorted rock waste in 
the Canterbury Alps. A necessary requisite would appear to be 
little or no vegetation to retard denundation, and this in turn 
would probably require low or moderate rainfall. The preservation 

* Mr. H. Evans, of the New Zealand Petroleum Company, has informed 
us that this breccia is typically developed at Bald Hill, near Bullock: 
Creek, South Westland. 
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of a thick deposit of this type may perhaps be ensured by deposition 
of sediments derived from rising fault-blocks in adjacent sinking 
fault angle depressions. The fanglomerates would fail to be 
preserved on the positive blocks which supplied the waste, so that 
continuous sheets of breccia can not now occur. Supply of coarse 
detritus must have been uninterrupted and the land always above 
water level, for there are no bands of fine sand or mud and no 
evidence of water sorting. Neither the K.2. breccia at Koiterangi 
nor the other breccias with which it is correlated contain internal 
evidence of age, and although the coal measures which separate 
the breccias from the overlying marine beds contain leaf impressions, 
these have not been recently described and are of no assistance. The 
fossils from the overlying marine beds are of different ages, and if 
our correlation of the breccias is correct, all the breccias must be 
older than the oldest marine beds. The value of the correlations 
depends upon the improbability that the extreme relief needed to 
produce the breccias would be either repeatedly produced or would 
continue much later in some parts of the South Island than in 
other parts. 

The earliest marine bed above the basal conglomerates of the 
West Coast is the Bortonian (Mid-Eocene) Island Sandstone (Finlay 
and Marwick, 1940, p. 106) which at Greymouth is separated from 
the top of the basal breccia by about two thousand feet of coal 
measures. But in Otago, the Horse Range and Kaitangata breccias 
are both overlain by beds of Cretaceous age. The Brighton lime¬ 
stone, considered to lie above the Kaitangata Series and the Herbert 
beds above the Horse Range breccia, both contain belemnites of 
Piripauan age (upper Cretaceous) (Finlay and Marwick, 1940, 
p. 103). In both cases there are thick intervening coal measures, 
and the basal conglomerate could not have been deposited 
immediately prior to the marine beds. The maximum age is less 
clearly defined, for the undermass upon which the basal breccia 
rests is granite, greywacke or schist of uncertain but very probably 
pre-Triassic age. 

K.3. Conglomerate . 

The basal breccia is overlain both on the north and south sides 
of the hill by a band of conglomerate composed mostly of 3 in. to 5 in., 
rounded to sub-rounded, greywacke fragments and a few, scattered, 
red-stained, rounded, quartz boulders. The contact between K.2. 
and K.3. is not conspicuous and was not examined in detail. There 
may be a transition, as has been described for beds in the same 
relative stratigraphic position in other areas, but a comparison of 
the thickness of the Koiterangi section with that in the Paparoa 
Range shows that either deposition was slower at Koiterangi, or 
beds which were deposited at the Paparoa Range are not represented 
at Koiterangi, and that an unconformity may be represented at this 
contact. 

K.3. conglomerate is more rounded, and more closely resembles 
present day river gravel than does K.2., suggesting that the extreme 
topographic irregularity of basal breccia times must have been 
lessened during or before the deposition of K.3. 
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K.4. Basalt . 

The contact between the basalt and the upper part of the K.3. 
conglomerate is fairly well shown in the top of the slip below the 
saddle, but both the basalt and the conglomerate are weathered, 
and much of the basalt has disintegrated into blocks and may have 
slumped a few feet. The lower contact of the basalt is in place, 
and several square feet have been exposed. The contact is not a 
smooth surface, for the basalt has irregularly penetrated a few 
inches into the conglomerate. A thin, soft band of red clay, already 
described by Bell (1906, p. 84), marks the actual contact. The 
conglomerate did not appear to be thermally altered and the basalt 
is not vesicular. About 10 ft. of basalt is exposed above this contact. 
The lowest observed part of the overlying conglomerate K.5. is 
about 20 ft. higher, and no more than 30 ft. of basalt can be present 
at this place. From the saddle the basalt extends continuously to 
the basalt-capped plateau ten chains west, where it is over 100 ft. 
thick. On the south side of the hill,^outh-east of the saddle, a sharp 
contact between K.3. conglomerate and overlying dark quartz grits 
K.6. is clearly exposed in the east bank of a small stream which 
flows south from the trigonometrical station to the Hokitika River.. 
Both the basalt and the overlying K.5. conglomerate are absent. 

The contact at the upper surface of the basalt was not seen, 
and it is uncertain from the field relations whether the basalt is in 
the form of a sill or a flow. If it is a sill it will be younger than 
the overlying K.5. conglomerate and perhaps much younger, but 
if it is a flow, as was Bell’s opinion, it will be younger than the K.3. 
conglomerate and older than the K.5. conglomerate. It could then 
be contemporaneous with basalt of the Paparoa Range (Morgan. 
1909, p. 81; Hutton, 1943, p. 64). 

Recent field work at Greymouth, as yet unpublished, shows the 
basalt to be a flow and to be younger than the basal Paparoa 
breccia, but older than the bulk of .the coal measures. A petrological 
description of the Koiterangi basalt was kindly supplied by Dr. C. 
O. Hutton and is given in Appendix I. 

K.5. Conglomerate . 

A few chains west of the previously mentioned slip in which 
the basalt is exposed, K.5. conglomerate overlying the basalt forms 
a low cliff which extends for a few chains just below the top of the 
ridge. It is brown-grey in colour, and composed of rounded 
fragments of greywacke and quartz with an average diameter of 
2 in., dispersed through a sandy matrix. The upper surface of this 
conglomerate was not seen, but quartz sand and well-rounded 
pebbles of quartz scattered along the top of the ridge suggest that 
the next overlying bed is chiefly composed of quartz. The con¬ 
glomerate is about 6 ft. thick. 

K.7. Coarse Sandstone and Coal Measures. 

A hard band of coarse sandstone, apparently overlying K.5. 
conglomerate, forms a steep 50 ft. cliff about half way along the 
ridge from the saddle to the trigonometrical station, extending with 
increasing height around the north side of the hill for several 
chains. It is the basal member of the coal measures as exposed 
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in the headwaters of a small stream which rises at the foot of a 
limestone cliff, two chains north of the trigonometrical station. 
This stream flows north over the limestone cliff to join the stream 
in which occurs the basal breccia section already described. The 
following coal measures are exposed in the stream bed:— 

K.7. Conglomerate. 

2ft. Moderately liaid, well bedded quartz sandstone, sharply defined 
upper limit. 

1ft. Coal. 

50ft. Moderately soft, dark-blue, micaceous quaitz sandstone, a few 
vegetable impressions. 

10ft. Soft, white, quartz sandstone. 

40ft. Micaceous, carbonaceous sandstone and shale, 4 thin coal seams 
(lft.. Gin., 9in., and 1ft.). 

* 200ft. Massive, hard, white or grey, coarse, quartz sandstone. 

The coal is mostly rather dull, with poorly developed conchoidal 
fracture, it resembles that of the James seam of the Greymouth 
Coalfield, although one of the thin seams was more finely cleated. 
The uppermost seam appeared soft and dirty, but this may be 
merely an outcrop condition. Both Bell and Morgan describe 6-8 ft- 
outcrops of impure coal, but these were not seen. Analyses of the 
coal are given by Bell (1906, p. 79). 

Jf.7. Conglomerate . 

The stratigraphic position of the K.7. conglomerate is given in 
the above section. It is composed of well-compacted sub-angular 
to sub-rounded quartz and greywaeke up to 3 in. in diameter 
alternating with bands of quartz sandstone as much as 1 ft. thick. 
Sixty feet of this conglomerate is exposed. 

No more than 20 ft. of beds can separate the highest part of 
the conglomerate (K.7.) from the base of the limestone at the foot 
of the cliff just north of the trigonometrical station. Probably 
the same conglomerate was seen in the headwaters of several small 
streams on the south-west slopes, at one place overlain by about 
10 ft. of soft fine quartz sandstone.. If this conglomerate is 
correctly correlated with K.7., then the top of the overlying sand 
at this place cannot be separated from the base of the limestone 
by more than 10 ft. 

K.8. Marine Carbonaceous Sandstone . 

On the eastern slope approximately 40 chains east of the 
trigonometrical station and not far below the eastern limit of lime¬ 
stone, an outcrop of carbonaceous-looking sandy mudstone and 
sandstone yielded a poor microfauna suggested by Dr. H. J. Finlay 
to be of Kaiatan or Whaingaroan age (F. 6275). It marks the 
onset of marine conditions. The occurrence is isolated,* and the 
relationships obscure. The material was not observed on the south 
side, where quartz sandstone appears to separate K.7. conglomerate 
from limestone. Although not observed, it could have been present 
in the 20-ft. gap in the section at the foot of the limestone cliff 
below the trigonometrical station. 

The age limits given, although vague, indicate a possible 
Brunner age for the underlying coal measures. 
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K.9. Limestone. 

The whole thickness of the limestone was not seen at any one 
place, and its thickness is not accurately known. About 50 ft. is 
exposed to the north of the trigonometrical station and the total 
may well exceed 100 ft. The quality is variable, ranging from 
fairly pure to sandy near the base. At one locality it was seen to 
contain a moderate amount of fine glauconite. Except within a 
few feet of the upper contact, it is uniformly hard, contains no 
soft bands, and only rare, poorly preserved macro-fossils. 

The upper part of K.9., together with K.10. and K.ll., is well 
exposed in the headwaters of a small stream about a quarter of 
a mile south of the trigonometrical station, the beds being little 
disturbed and forming an almost continuous outcrop. They are 
separated by a fault from low-dipping sands and conglomerates 
which are several hundred feet lower in the sequence, but which 
outcrop at about the same level in the headwaters of two small 
streams five and ten chains to the west. 

At this place only the upper 20 ft. of the limestone is exposed, 
the underlying beds being obscured by a litter of limestone blocks. 
The lower part of the exposed limestone is sandy, hard, and almost 
devoid of fossils, and is thus similar to the bulk of the Koiterangi 
limestone. The upper part, however, contains a 6-ft. band with 
numerous brachiopods together with rare, worn, phosphatised, 
internal casts of gasteropods. These fossils have been examined 
by Dr. Marwick, who writes as follows:— 

“ No interior features of the brachiopods could be determined, 
but the exteriors show them to be probably:— 

Stethothyris aff. tapirina (Hutt.) 

Liothyrella aff. neglect a (Hutt.) 

“ The original 8. tapirina was described from ‘ Cobden/ pre¬ 
sumably from the Cobden limestone, but from what horizon in it is 
unknown. The two Koiterangi specimens (Geol. Surv. loc. 3153) 
have more prominent beaks than the Cobden ones, so that identifi¬ 
cation as tapirina is not justified. However, they are near enough to 
tapirina to suggest that this upper part of the Koiterangi limestone 
is equivalent to some part of the Cobden limestone, probably also 
the upper part. According to J. A. Thomson (1926, N.Z.J.Sc.Tech 
vol. 8, p. 153) 8. tapirina is a fairly consistent member of the 
c landonensis fauna 7 (Duntroonian), ranging throughout Ototataran 
and down into the Waiarekan (Whaingaroan and Kaiatan), but not 
extending up into the Hutehinsonian. The association of the two 
forms, S. tapirina and a small Liothyrella, suggests that we are 
dealing with representatives of the ( landonensis fauna 9 and that the 
bed is Duntroonian. ,, 

K.10. Mudstone. 

Immediately above the fossil band, the limestone is softer, and 
3 ft. higher there is an abrupt change to glauconitic phosphatic 
mudstone, which at the base contains a few scattered quartz 
granules. The limestone, for 1 ft. below the upper contact is 
also phosphatised and penetrated by glauconite-filled borings. 



360 


Transactions. 


Glauconite, phosphatization and borings all suggest a period of still- 
stand with little deposition. Four foraminiferal samples were -taken 
from this part of the section. 

F.0270, Calcareous siltstone 10 ft. above contact. 

F.6271, Glauconitic siltstone 1ft. above contact. 

F.0272, Bored limestone, 1ft. below contact. 

F.6273, Upper part of fossil band 3ft. below contact. 

Dr. Finlay has examined these four samples, as well as others 
taken from higher parts of the mudstone, and his findings are 
recorded in Appendix II. 

The age determinations are consistent with the field relations 
in showing that the break at the limestone-siltstone contact is of 
considerable importance, for if the upper part of the limestone is 
Duntroonian and the lowest of the mudstone Ihungian, then the 
Waitakian and perhaps Hutchinsonian stages are unrepresented by 
strata. Beds of Waitakian and approximately Hutchinsonian age 
have a thickness of several hundred feet in the Hokitika-Grevmouth 
district 20 miles to the north. 

The extent of the contact exposed is too small and the bedding 
too poor to enable angular unconformity of less than 10° to be 
detected, although it is evident that no larger angular difference 
than this exists. The mudstone is moderately hard, medium grey, 
fairly calcareous and contains visible glauconite only in the bottom 
2 ft. It is even in texture and not well bedded, and in its upper 
part slightly lighter in colour. A 3-ft. band of moderately soft 
conglomerate is interbedded with the mudstone 50 ft. above the base, 
and above this a further 15 ft. of mudstone is exposed. The con¬ 
glomerate contains sub-rounded pebbles of granite, greywacke, mica- 
schist, coal, non-ealcareous mudstone and basalt closely set in a 
sandy matrix. The largest pebble seen was 1 in. and greywacke 
makes up more than half the conglomerate. The upper and lower 
contacts are sharp, no stray pebbles appearing in the mudstone 
either above or below. 

K.ll. Old Gravels. 

In a cliff 18 chains south-east of the trig., and 2 chains north 
- .jr uppermost mudstone outcrop, a conglomerate occurs which 
is different both from that interbedded with K.10. and from lower 
conglomerates. o rocks are exposed over the intervening vertical 
* 11 ^ K.ll. is composed of sub-rounded to sub-angular 

pebbles and boulders of greywacke, granite, quartz and schist up 
to 3 ft. in diameter, closely set in tight clay, and resembles compact 
Pleistocene or Recent gravels. It is not obviously morainic, but 
being situated over a thousand feet above the recent gravel plain, 
it was evidently deposited when the topography differed con¬ 
siderably from that of the present day, and may be as old or older 
than the last advance of the ice, which deposited moraine little 
above sea-level at Kanieri nine miles to the north-east (Bell, 1906, 
p. 90). ’ ’ 

. conclusion, it is emphasized that although tentative corre¬ 
lations between the coal measures at Koiterangi and Greymouth 
have been shown on the accompanying table, it is not proposed to 
attempt further correlations until more sections of Cretaceous and 
tertiary have been examined in detail in Westland. 
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APPENDIX I.—PETROGRAPHY OF KOITERANGI BASALT. 

(By C. 0. Hutton.) 

Only one specimen of Koiterangi basalt was available for study 
but this is believed to be typical of the occurrence as a whole. 
Macroseopically the specimen (P.9243) is a normal fine-grained type 
with phenocrysts of olivine (up to 2 0 mm.) and augite (up to 
4*0 mm.). However, in this specimen, the olivine phenocrysts are 
certainly not of gem quality as Bell and Fraser (1906, p. 84) state 
is the case with the Koiterangi basalt examined by them. 

Microscopically the rock is completely holocrystalline and a 
pilotaxitic texture is well developed. It should be noted in this 
connection that Bell and Fraser (loc. cit. p. 83) noted the occurrence 
of some glass in basalts from this locality. Plagioclase occurs only 
in the groundmass in the form of narrow laths markedly oriented 
by flow. Twinning on the albite and Carlsbad laths is usual, while 
the composition as determined on the universal stage is An. 53 —An.co* 
The clinopyroxene occurs in two generations, as idiomorphic 
phenocrysts and abundantly in the groundmass in rounded allotrio- 
morphic granules. Measurements of the optic axial angle ha^e been 
made on a number of crystals, some of which are zoned with the 
following results; the figures in brackets are values obtained for 
the peripheral zones in allj cases:—44 (50), 26 (46), 41 (48), 52, 
50 (65), 39 (46). These values definitely place the phenocrystic 
clinopyroxene in the pigeonite group [defined by Barth (1931) to 
have 2 V < 50°, or by Kuno (1936) as 2 V < 45°]. The generally 
higher values recorded for the later or peripheral zones is indicative 
of a gradual enrichment in the ferrosilite molecule,. thus agreeing 
with Barth’s earlier contention regarding the composition of pheno- 
crystie clinopyroxines in some Pacific laws. The groundmass 
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pyroxene is finely crystalline, so that accurate optic axial angle 
determinations were not possible. However, fairly reliable results 
indicate somewhat higher values for 2Y, therefore a tendency 
towards a more diopsidie type of pyroxene. 

Olivine is limited to one generation only, that is to the intra- 
telluric period of crystalline. Two determinations of the angle 2Y 
gave 90 (df) and 88( + ), which indicate that the fayalite content 
does not exceed 8%. Zoning is practically absent. Alteration to a 
brown or greenish-brown secondary material is common, the change 
taking place only along the cracks in some cases, while in others 
only relicts of olivine remain in a pool of the alteration product. 
The material is referred to bowlingite rather than to iddingsite 
as the ruby red colour characteristic of the latter mineral is lacking. 
Scraps of intensely pleochroic red-brown biotite were noted rarely. 

Yein-like areas occur in which idiomorphic augite is set in a 
base of brownish-yellow to yellow material, very similar to the 
bowlingite developing from the olivine. This material is usually 
isotropic though in some parts the tiny flakelets show a moderate 
birefringence (about 0 015-0 02). Patches of similar yellow 
material occur in the base of the rock, and it may represent 
devitrified glass as was suggested by the writer for similar material 
in the groundmass of a limburgite (1943a, p. 61) ; alternatively it 
may result from solidification and partial crystallization of iron- 
rich late magmatic fluids. In parts this material has the appearnce 
of a crystallised gel, particularly when it has a banded structure 
surrounding grains of clinopyroxene. 

Iron-ore is an important accessory and microchemical tests 
indicate a considerable content of TiC> 2 . Apatite occurs in minute 
colourless needles but is a rare constituent. 

It would be unwise to attempt to compare the Koiterangi basalt 
based on the examination of only one specimen with the basalts 
from the Roa Mine. More material is necessary and a wider study 
required. It is sufficient to state at present that the Koiterangi 
basalt is much more feldspathic than the rocks of Roa Mine so far 
examined, but there is certainly nothing against correlating them. 
Further, on account of the fine grain-size, and well developed flow 
structure, I would suggest that the Koiterangi basalt is a flow and 

not a sill. . ^ 

Additional References. 

Barth, T. F. W., 1931. Petrography of Pacific Lavas. Amer. Jour. Sci., vol. xxi, 
pp. 377—405, 491-530. 

Hutton, C. O.. 1943. Limburgite from Nevis Bluff, Kawaiau Gorge, Central 
Otago. Tians. Roy. Soc. N.Z ., vol. Ixxiii, pt. 1, pp. 58-G7. 

Kuno, H., 1930. On the Crystallisation of Pyroxenes from Rock Magmas with 
Special Reference to the Formation of Pigeonite. Jap. Jour. Geol. and' 
Geogr., vol. xiii, nos. 1 and 2, pp. 141-150. 

Corrigenda. 

In a recent paper, Limburgite from Nevis Bluff, Kawarau Gorge, 
Central Otago {Trans. Roy. Soc. 'N.Z., vol. 73, pp. 58-67) the writer 
stated on page 64 that the ankaramites in the Roa Mine and in 
Blackwater Creek occurred as dykes. Mr. M. Gage informs the writer 
that subsequent field work clearly indicates that these rocks are in 
the form of flows. Again for Brunner on page 64, line 42, read 
Paparoa. 
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APPENDIX II.—MICROFAUNAL DETERMINATIONS. 

(By H. J. Finlay,) 

The lowest sample from Koiterangi examined for microfauna 
was F.6275, from the carbonaceous sandy mudstone (K.8.) below the 
limestone. It was apparently leached, washing to pure white rounded 
quartz sand and yielding only Arenoclosaria anfipoda (Stache). This 
species has a long range, but the examples found are more like the 
lower Tertiary form (Upper Bortonian-Whaingaroan) and the 
deposit could be Kaiatan age—many Omotumotu samples from the 
Westland area similarly wash down to sand and this species only. 

No faunas were obtained from the hard limestone, but the 
glauconitic phosphatic sandy limestone at the top of K.9. yielded 
two. The fauna from Loc. F.6272, 1 ft. below the overlying mud¬ 
stone, is as follows (species also in F.6273, 3 ft. below contact, are 
marked with an asterisk) :— 

Anomalina n.sp. 

Arenodosaria antipoda (Stache). 

* Cassidulina subglobosa Brady. 

Cibicides novozelandicus (Karr.) 

* Cibicides perforatus (Stache). 

Cibicides cf. thiara (Stache). 

Discor'bis turgidus Fin. 

* Glandulina laevigata d’Orb. 

* Globigei'ina, cf. bulloides d’Orb. 

* Karreriella bradyi Cush. 

Nonion maoricuni (Stache). 

In its absence of both Whaingaroan and Waitakian indicators, 
its general make up, and its relative abundances, this poor fauna 
is like those often seen from limy facies of the Duntroonian, and 
that age is suggested. 

From the mudstone (K.10.) six samples were examined, four 
of them (F.6271, F.6270, F.6274, and F.6269, in ascending order) 
from the lower 50 ft., below the 3 ft. conglomerate band, and two 
of them (F.6268, F.6267) from the upper 15 ft. above this 
conglomerate. It was expected that a faunal change would occur 
at the conglomerate and that the two top samples would be Upper 
Ihungia. The whole six, however, are plainly basal “ Blue Bottom,” 
exactly as occurring in the standard “Blue Bottom” section in 
Whiskey Creek, Waimea S.D.; the very distinctive Upper Ihungia 
fauna is not present at Koiterangi. Not only that, but the faunal 
assemblages point to the lower part of the basal “ Blue Bottom ” : 
two zones are distinguishable at Whiskey Creek, and the present 
faunas are much more characteristic of the lower one—i.e., some¬ 
where about Awamoan in age. The six faunas vary only in richness, 
and all show the overwhelming preponderance of arenaceous species 
and the presence of such forms as Clavulinoides, Trochamminoides, 
Bulimina miolaevis, Angulogerina aff. oligocenica, etc., so charac- ' 
teristic of the basal “ Blue Bottom ” in Westland. They can be 
best shown on a chart as follows (x indicates an occurrence, c, more 
or less abundance) :— 
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Ammodiscus glabratus C. & J. 
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2. 

Ammodiscus incertus Staclie 
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3. 

AngulogeHna cf. oligoceivica (And.) 


X 
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X 

4. 

Anomalina aotea Fin. 

• 

X 





5. 

Anomalina miosuturalis Fin. 

X 






0. 

Astacolus cf. ci'epidulus (F. & M.) 



X 




7. 

Bolivina anastomosa Fin. 






X 

8. 

Bulimina miolaevis Fin. 

c 






9. 

Bulimina pupula Staclie 



X 



X 

10. 

Gibicides novozelandicus (Karr.) 

X 






11. 

Cibicides perforatus (Staclie) 


X 





12. 

Gibicides aff. thiara (Staclie) 




X 



13. 

Glavulinoides instar Fin. 
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X 

14. 

Glavulinoides vinlis Fin. 


X 

X 

X 



15. 

Gyclammina incisa Staclie 

X 

c 
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10. 

Elpliidium advenum Cush. 






X 

17. 

Flabellammmu sp. 

X 


X 




18. 

Gaudryina anachrons Fin. 

X 






19. 

Gaudryina crespinae Cush. 

X 






20. 

Globitferina cf. bulloides d’Orb. 

X 

X 




X 

21. 

Globorotalia dehiscens C.P. & C. 


X 

X 
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X 

22. 

Globorotalia miozea Fin. 
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23. 

Gyroidina neosoldani Brot. 
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X 

X 



X 

24. 

Hagenowella (?) sp. 

c 






25. 

Ilaplophragmoides sp. 
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20. 

Karreriella bradyi Cush. 
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27. 

Rarreriella cf. chilostoma (Reuss) 


X 




X 

28. 

Karrerulina cf. bortonica Fin. 


X 




X 

29. 

Lagenoglandulina subpvata (Stache) 


X 





30. 

Laticai'inina nalopho'i'a (Stache) 



X 




31. 

Loxostomum ihungia n.sp. 
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32. 

Marssonella cf. indentata C. & J. 
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33. 

Martinottiella communis (d’Orb.) 
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34. 

Nodosarella subnodosa (Guppy) 


X 
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35. 

Nodosaria longiscata d’Oib. 



X 
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30. 

'Nonion maoricum (Stache) 

X 







37. Parrella bengalensis (Schw.) 

38. Planulina texturata n.sp. 

39. Pseudoclavulina sp. 

40. Pullenia quinqueloba (Reuss) 


x 
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41. 

Reophax sp. 

c 

X 
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42. 

Rhabdammina sp. 

c x 

X 

X 

43. 

Robulus sp. 


X 


44. 

Saracenama italica (Defr.) 



X 

45. 

Semivulvulino, waitahia Fin. 

X 



40. 

SiphogeneHna rerensis Fin. 

X 

X X 

X 

47. 

Siphonodosaria cf. jarvisi (Cush) 



X 

48. 

Siplionodosaria laevistyla n.sp. 

X 



4fh 

Spiroloculina rotundata Kreuz. 


X 


50. 

Textularia aff. zeaggluta Fin. 

X 



51. 

Trifarina bradyi Cush. 


X 

X 

52. 

Trochamminoides cf. irregularis White 

X X 

X 

X 

53. 

Trochamminoides proteus (Karrer) 


X X 

X 

54. 

Yulvulina pennatula (Batsch) 

X 
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